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(57) Abstract 

A signaling method in a wireless digital telecommunication system between a base station and a terminal, where the signals between 
the base station and the temiinal are generated from bursts comprising symbols, the bursts comprising a known training sequence. The 
symbols are used for generating a second training sequence of the same length as the known training sequence and a burst comprising 
said training sequence to be used for transmitting signalling messages. The number of training sequences used can be restricted to two. 
whereby conventional user data is sent in the burst comprising die known training sequence and infomtiation deviating from the conventional 
user data is sent by the burst comprising the second training sequence, and the stealing symbols in the burst can be used for speci^ing a 
signalling message to be transmitted. 
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Signalling method and telecommunication system 

The invention relates to a signalling nnethod in a wireless digital 
telecommunication system between a base station and a terminal, where the 
5 signals between the base station and the terminal are generated from bursts 
comprising symbols, the bursts comprising a known training sequence. 

The invention further relates to a wireless digital telecommunication 
system for signalling between a base station and a terminal, where the signals 
to be transmitted over a radio connection between the base station and the 

10 terminal comprise bursts generated from symbols, the bursts comprising a 
known training sequence, and the system comprising at least one transmitter 
and at least one receiver, whereof the transmitter comprises means for gener- 
ating said training sequence and the receiver comprises means for identifying 
said training sequence. 

15 In digital radio systems, call-related signalling between a base sta- 

tion and a terminal occurs simultaneously with a call to be transferred on a 
traffic channel. The GSM system, for example, employs two signalling chan- 
nels for conducting call-related signalling, a SACCH (Slow Associated Control 
Channel) and a FACCH (Fast Associated Control Channel). The SACCH is a 

20 separate low-rate signalling channel associated with each traffic channel. Due 
to its low rate the channel can be used for non-urgent signalling only. The 
FACCH is fast signalling within the traffic channel, and can be used for time- 
critical signalling. However, a part of the traffic channel capacity is then lost. 

In digital radio systems, such as the GSM system, data transmis- 

25 sion occurs in bursts, and a specific burst structure is determined for each 
purpose, like data and signalling transmission, synchronization or equalization. 
A normal burst used for data and signalling transmission comprises in the 
middle a training sequence including a set of predetermined symbols that the 
receiver identifies. When comparing the received training sequence with a 

30 known training sequence the receiver may create information on the distortion 
caused by an un-ideal radio path to the received signal. On the basis of this 
information the receiver can demodulate the received signal more efficiently. 
The applicant's previous patent application PCT/F 1 97/00465 describes a sig- 
nalling method, in which a training sequence is used for signalling, that speeds 

35 up the signalling and leaves the entire traffic channel to be used by the pay- 
load. 
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The problem with the above system is the number of different train- 
ing sequences required for transmitting versatile signals. One training se- 
quence can describe one signalling message only, and if, for example, power 
control signalling including eight steps is to be performed, eight different train- 
5 ing sequences are required. If the aim is to perform several signalling events 
\N\th the above method, the number of training sequences easily increases 
significantly. This increases. the receiver load and complicates the implemen- 
tation of the receiver, since the received training sequence must be separately 
compared with each known training sequence. Particularly distinguishing 

10 training sequences from one another becomes more difficult when the recep- 
tion conditions are poor. Furthermore, when higher data transmission rates are 
aimed at. the use of a training sequence no longer necessarily guarantees fast 
enough signalling owing to the above and since the duration of the training 
sequence is relatively long bearing in mind that the training sequence is capa- 

15 ble of transmitting one message only. Due to these drawbacks said method 
has not been widely employed and the GSM system, for example, still uses 
signalling channels. 

A significant drawback with prior art signalling is that it matches 
poorly with packet-switched data transmission. In present packet-switched 

20 wireless telecommunication systems, such as the GPRS system (General 
Packet Radio Service) designed on the basis of the GSM system, data trans- 
mission from a terminal to a base station (uplink) and vice versa (downlink) 
takes place irrespective of one another. In said systems a channel is formed 
between the terminal and the base station only, when either party has data 

25 packets to send. In other words, there is no need to maintain a continuous re- 
turn channel for transmitting signalling or acknowledgement messages in said 
systems. To utilize such asymmetrical data transmission optimally would re- 
quire transmission of signalling and acknowledgement messages when the 
channel capacity is used for other purposes as well. 

30 It is thus an object of the invention to provide a method and an ap- 

paratus implementing the method so as to solve the above problems. The ob- 
jects of the invention are achieved with a method, characterized by 

generating from symbols a second training sequence of the same 
length as the known training sequence, 

35 generating a burst comprising said second training sequence and 

by 
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using the burst comprising said second training sequence for 
transmitting various signalling messages. 

The wireless digital telecommunication system of the inyention is 
characterized in that 

5 the transmitter comprises means for generating a second training 

sequence of the same length as the known training sequence and means for 
generating a burst comprising said second training sequence and for coding a 
signalling message into said burst and' in that 

the receiver comprises means for receiving the burst comprising 

10 said second training sequence, means for identifying said second training se- 
quence and means for decoding the coded signalling message in said burst. 

According to a preferred embodiment of the invention the number of 
training sequences to be used is restricted to two. According to another pre- 
ferred embodiment of the invention the stealing symbols in the burst compris- 

15 ing said second training sequence are used for specifying the signalling mes- 
sage to be transmitted. 

The invention is based on the idea that various training sequences 
are used in the burst structure to indicate the contents of the burst. The recipi- 
ent then interprets the received burst on the basis of the training sequence. A 

20 particular training sequence can preferably be employed in the burst structure 
to indicate that signalling data in particular is transmitted using the burst. The 
type of the signalling data to be transmitted can also be indicated in nriore de- 
taiLby means of the stealing symbols in the burst. Stealing symbols have typi- 
cally been used in a normal burst to indicate whether the data bits in a burst 

25 are allocated to be used on a traffic channel or stolen to be used on the 
FACCH. However, in the method of the invention the stealing symbols in the 
normal burst to be utilized for transmitting user data can also be allocated to 
transmit user data. 

The method and system of the invention provide an advantage that 

30 enables transmission of signalling and acknowledgement messages particu- 
larly when the channel between the terminal and the base station is also em- 
ployed for transferring user data. This is particularly advantageous in packet- 
switched wireless data transmission, as in this case the channel between the 
terminal and the base station does not have to be separately opened for sig- 

35 nailing. Another advantage of the invention is that the data transmission ca- 
pacity of a normal burst to be used for transmitting user data is not used for 
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the signalling of the invention. A further advantage of the invention is that it 
alleviates the implementation of the detection in the receiver, as the received 
- training sequence is compared with the two known training sequences only, 
thus reducing the receiver load. Still another advantage of the invention is that 
the data transmission capacity of a normal burst increases, since the stealing 
symbols in the normal burst can also be utilized for transmitting user data. 

In the following the invention will be described in greater detail in 
connection with the preferred embodiments, with reference to the accompa- 
nying drawings, in which 

Figure 1 schematically shows a normal burst according to the GSM 

system; 

Figure 2 schematically shows a known nomial burst and a burst ac- 
cording to a preferred embodiment of the invention; 

Figure 3a shows a burst structure according to a preferred embodi- 
ment of the invention; 

Figure 3b shows a burst structure according to a second preferred 

embodiment of the invention; 

Figure 3c shows a burst structure according to a third preferred em- 
bodiment of the invention; 

Figure 3d shows a burst structure according to a fourth preferred 

embodiment of the invention; 

Figure 4 is a block diagram showing a transmitter according to a 
— preferred embodiment of the inventions — 

Figure 5 is a block diagram showing a receiver according to a pre- 
ferred embodiment of the invention, and 

Figure 6 is a flow chart showing parameter adjustment according to 
a preferred embodiment of the invention. 

In the following the invention will be described by way of example 
on the basis of a TDMA-based (Time Division Multiple Access) GSM system 
and the further improvement thereof. It is obvious for those skilled in the art 
that the invention can be used in any corresponding telecommunication sys- 
tem. 

Figure 1 shows the structure of a normal burst according to the 
GSM system, the length of the normal burst being 156,25 and the duration 
0,577 ms. The normal burst comprises one time slot of a TDMA frame com- 
prising eight time slots. The normal burst comprises in the middle a training 
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sequence (TS) that includes 26 symbols and that is used for correcting the 
received signal as described above. Stealing symbols (S), which are one sym- 
bol in length and located on both sides of the training sequence TS. are used 
for indicating the possible use of even and/or odd data symbols (DS) for 
5 FACCH signalling. The data symbols DS intended to transfer user and signal- 
ling data are divided into two sequences of 57 symbols which are located be- 
fore the first stealing symbol and after the second stealing symbol. Tail symbol 
sequences (T), which are three symbols in length, are located at the beginning 
and in the end of a burst, and within the duration of the tail symbols the trans- 

10 mitter is correspondingly switched on and off between the bursts. After the 
burst, there is a guard period (G) of 8,25 symbols that prevents adjacent time 
slots from overlapping in base station reception. 

According to a preferred embodiment of the invention a new burst 
type is introduced that deviates from the burst structure described above only 

15 in that the training sequence of the burst is different. Here the known training 
sequence in a normal burst is referred to as TS1 and the training sequence of 
the invention is referred to as TS2 in accordance with Figure 2. According to a 
preferred embodiment of the invention the burst according to the invention is 
employed in particular for transmitting control data (CD), whereby the known 

20 normal burst can, if necessary, be allocated to transfer user data (UD) only. 
User data can also be transmitted using the burst of the invention in situations 
where the transfer of user data also requires exceptional signalling. Then, in 
the reception the-type-of information in the-burst can-be deduced on the basis 
of the training sequence. Particularly when a burst comprising the training se- 

25 quence TS2 is received, the receiver knows that the burst may comprise spe- 
cific signalling data. 

According to another preferred embodiment of the invention the 
number of various training sequences is restricted to said two training se- 
quences TS1 and TS2. This alleviates the implementation of the detection in 

30 the receiver, as the received training sequence is compared with the two 
known training sequences only, thus reducing the receiver load. Particularly 
distinguishing training sequences from one another becomes easier in poor 
reception conditions compared with prior art. since the symbol constellations of 
the two training sequences can easily be determined to differ greatly from one 

35 another, and a large number of symbol errors in the received training se- 
quences cannot either prevent the detection of the training sequence. 
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According to a preferred embodiment of the invention the stealing 
symbols in the burst of the invention are used to specify the information in the 
burst. Then, the stealing symbols of the known normal burst can also, if 
needed, be utilized when transferring user data. The use of the stealing sym- 
5 bols of the invention is explained in the following in greater detail with refer- 
ence to the examples in Figures 3a-3d. In order to simplify the description, it is 
assumed in the following examples that the stealing symbols of the burst 
structure both comprise one bit. The invention can naturally also be imple- 
mented in systems where several bits are modulated into one symbol, in which 
10 case the amount of information to be specified using the stealing symbols is 
multiplied. 

Figure 3a shows the burst structure of the invention, where the data 
symbols DS are allocated to the user data UD, the training sequence Is the 
training sequence TS2 of the invention and both the stealing symbols are 0- 

15 bits. On the basis of the indicated training sequence TS2 the receiver knows 
that- the burst comprises some signalling data and checks the specified infor- 
mation indicated by the stealing symbols. This burst may indicate, for example, 
the last time slot from the user data flow to be transferred on a particular 
channel. The transmission of a specific end sign is thus avoided in an addi- 

20 tional burst. 

Figure-3b-describes the burs^structure of the invention intended for 

fast signalling in particular. In this burst the data symbols DS are entirely or 
-Partly allocated to the signalling data, the tr ainin g sequence is the training se- 
quence TS2 of the invention and the first of the stealing symbols is preferably 

25 a 0-blt and the second a 1-bit. The spreading figure shown in Figure 3b de- 
scribes in greater detail the signalling and user data fields CD/UD in the data 
symbols DS. There is a field in the beginning of the data symbols determining 
the field length of the signalling data (ctrl field length). A signalling discrimina- 
tor (Ctrl discriminator) defines the signalling message in question which is 

30 added after the signalling discriminator. Several signalling messages (ctrl field) 
can preferably also be transferred in the same burst. When the receiver 
knows, on the basis of the signalling discriminator, which signalling fields are 
concerned, it can distinguish the transmitted messages from the burst. If all 
messages to be transmitted and the lengths thereof are predetemriined, i.e. 

35 standardized messages are concerned, then the field detemiining the total 
length of the signalling data is not needed, as the receiver is aware of the 
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length of the messages. However, it is preferable to keep the field determining 
the total length of the signalling data as an optional alternative and thereby 
alleviate the introduction of new signalling messages. If all data symbols are 
not needed for the signalling message, the unused symbols can be employed 
5 for transmitting user data. The burst according to Figure 3b can preferably be 
used to replace the FACCH signalling according to the GSM system. 

Figure 3c describes the burst structure of the invention intended for 
slow signalling in particular, that is for replacing the SACCH signalling accord- 
ing to the GSM system, for example. A field of a specific length is allocated in 

10 the beginning of the data symbol field to the signalling data CD, and the rest of 
the data symbols can be employed for transmitting user data UD. The training 
sequence is the training sequence TS2 of the invention and the first of the 
stealing symbols is preferably a 1-bit and the second a 0-bit. This burst struc- 
ture provides the advantage that if a known short signalling message is to be 

15 transmitted in one burst or if a longer, non-urgent signalling message is inter- 
leaved into several bursts, it is not necessary to attach the field determining 
the total length of the signalling data to the signalling data field. 

Figure 3d describes the burst structure of the invenfion that can be 
used in applications that enable restricted retransmission of a burst. Such 

20 cases include real time speech or video image transmission, in which a sensi- 
ble use of the application enables retransmission of a burst that is poorly re- 
ceived in the following TDMA frame only. In the burst the data symbols DS are 

allocated to the user data UDrthe training sequence is the training sequence 

TS2 of the invention and both stealing, symbols are 1-bits. Said burst can be 

25 employed in situations where the received normal burst is of poor quality and it 
is requested to be resent in the following tirrie slot allocated to the channel. If 
the transmitter is able to receive the retransmission request in time, the data 
symbols of the previous burst are sent in the burst according to Figure 3d. 
Then, on the basis of the training sequence TS2 and the 1-bit stealing symbols 

30 the receiver can deduce that retransmission is concerned. If stealing symbols 
have been used for transmitting user data in the original normal burst, these 
have to be punctured before connecting the original burst to the retransmitted 
burst and attached to the original position in the burst structure when con- 
necting the bursts. If the transmitter cannot receive a retransmission request, 

35 then the bursts are continued to be normally transmitted. 

The burst of the invention can therefore, if needed, also be used for 
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transmitting user data. However, the training sequence TS2 in the burst indi- 
cates that the information in the burst is somehow exceptional as regards the 

normal burst. i 
The following describes the essential .parts of the transmW^^ 

5 telecommunication system of the invention by means of the block diagram in 
Figure 4. The transmitter comprises means 100 that include the information to 
be sent, for example, the information about the last burst in the data flow ac- 
cording to Figure 3a. This information is coded in accordance with the inven- 
tion into a combination of a determined training sequence and a stealing sym- 

10 bol combination in coding means 101, from where the coded infomiation Is 
applied to means 102 to be connected with the signal to be transmitted and 
the stealing symbols thereof. Next, the signal is modulated by processing 
means 103 and applied to conversion means 104 where the signal is con- 
verted from digital to analogue mode. The analogue signal is transferred to 

15 radio frequency parts 105 where the signal is converted to the transmission 
frequency. Then the signal is sent by an antenna 106 through the radio path to 
the receiver. 

The essential parts of the receiver in the telecommunication system 
of the invention are described in the block diagram according to Figure 5. The 

20 receiver comprises an antenna 200 for receiving the signal sent through the 

radio-path-and wherefrom the signal is applied to radio frequency parts 201 In 

which the signal is converted to an intenmediate frequency. The signal, is then 
transferred to conversion means 202 where the signal is reconverted from 
analogue to digital mode. The digital signal propagates to processing means 

25 203 where the signal may be filtered and demodulated, the channel impulse 
response and the energy thereof can be estimated, and the signal distorted on 
the channel can be restored into its original form. The restored signal is ap- 
plied to separation means 204 where the identified training sequence and the 
stealing symbols are separated from the signal. Decoding means 205 decode 

30 the received training sequence and the stealing symbols in accordance with 
the method presented in the invention, and means 206 start the operations 
according to the preferred embodiments that correspond with the message in 
the transmitted signalling data. 

The above operations in the transmitter and the receiver can be im- 

35 plemented, for example, using general or signal processors or separate logic. 
To implement single operations is known for those skilled in the art and the 



\ 



WO 00/38350 PCT/FI99/01064 ^ 

9 

description thereof is not needed in this context. 

In the following the application of the invention is explained in 
greater detail by means of an example describing on-demand adjustpnent of a 
parameter to be performed in packet-switched wireless data transmission. 
5 Such an adjustment is based on the idea that only those parameters are ad- 
justed that need to be adjusted at a particular time, in which case a separate 
signalling channel, for example, does not have to be maintained for this pur- 
pose. 

The uplink and downlik data transmission can be totally independ- 

10 ent of one another in packet-switched wireless data transmission. In short- 
delay real time data transmission, the uplink and downlink traffic channels are 
maintained only for the time the data packets are sent in either direction. 
Sending signalling messages and acknowledgement messages becomes 
more difficult in the opposite direction, as a continuously maintained channel 

15 for this purpose does not exist. It is therefore preferable if any maintained 
"channel can be used for transmitting acknowledgement messages. The termi- 
nal may simultaneously comprise several active data transmission connections 
which are determined and restricted in different ways. A terminal may for in- 
stance comprise, in addition to a normal telephone connection, a simultaneous 

20 packet-switched connection with an outside telephone number service. Then, 
the sTgnailling between the terminal and the network or the ackrTowledgement 
thereof can be selected to be performed through the best available data 
"transmission connection. If. for example, the counterpart speaks on the tele- 
phone connection of the terminal, when the uplink speech connection of the 

25 terminal is not in use. the signalling messages can be multiplexed to said 
packet-switched data connection. If, in turn, the downlink signalling takes 
place through an active call connection and the call is disconnected midst sig- 
nalling, then the signalling can be transferred to a possible data connection. If 
no data connections exist, the downlink signalling can preferably be arranged 

30 as a broadcast message to all terminals within the cell area. Naturally only the 
terminals for whom the message is indicated tend to operate as the message 
requires. However, in this way the frequency band is used more efficiently as 
compared with opening a separate channel for signalling. 

Figure 6 is a flow chart describing the adjustment of an on-demand 

35 adaptive parameter where the signalling of the invention can be utilized. The 
adjustable parameter concerned can, for example, be the transmission power 
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of a terminal. The adjustment process is started by checking tf the time f,ast that 
has elapsed from the previous adjustment is sufficient for providing a new ad- 
justment which is determined on the basis of the adjustment frequency afr 
Next a parameter value par is measured and the value is compared with the 
5 optimal value part of the parameter. If the difference between the parameter 
value par and the optimal value par^ of the parameter exceeds the error 
threshold e^, then the parameter is adjusted and the value of the adjustment 
frequency afr is increased by a predetermined change afrstep. If the error 
threshold is not exceeded, the parameter does not need to be adjusted either. 
10 but the value of the adjustment frequency afr is reduced by a predetemnined 
change afrstep. In both cases it is confirmed that the value of the adjustment 
frequency afr remain between the predetermined maximum value afr^^ ^nd 

minimum value a/r^sn. 

Even though the invention has above been described by way of ex- 

15 ample in connection with power control signalling, the invention is not re- 
stricted thereto but the signalling of the invention can be used for any similar 
purposes, particularly in packet-switched data transmission. One example is 
the change of the used coding method in connection with link adaptation. 
However, it should be noted that digital wireless telecommunication systems. 

20 particularly TDMA systems, also comprise other types of bursts than the nor- 
mal burst described in this context and the embodiment of the invention 
thereof. The burst structure of the invention cannot necessarily be used for 
sending the signalling data transmitted by these bursts. 

Furthermore, even though the invention has above been described 

25 by way of example according to the preferred embodiment of the invention In 
which two training sequences are used, the number of training sequences is 
not restricted to two, but the invention can also be implemented using several 
training sequences. Then, the implementation of the receiver becomes more 
complicated, but the number of signalling messages to be indicated increases 

30 when the possible combinations of training sequences and stealing symbols 
increase. 

It is obvious for those skilled In the art that as technology pro- 
gresses the basic idea of the invention can be implemented in a number of 
ways. The invention and the embodiments thereof are thus not restricted to 
35 the above examples but may vary within the scope of the claims. 
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CLAIMS 

1 . A signalling method in a wireless digital telecommunication sys- 
tem between a base station and a terminal, where the signals betvj/een the 
base station and the terminal are generated from bursts comprising symbols. 

5 the bursts comprising a known training sequence, characterized by 

generating from symbols a second training sequence of the same 
length as the known training sequence, 

generating a burst comprising said second training sequence and 

by 

10 using the burst comprising said second training sequence for 

transmitting at least one signalling message. 

2. A method as claimed in claim 1, characterized by indi- 
cating the existence of said signalling message, in response to the received 
burst comprising said second training sequence. 

15 3. A method as claimed in claim 2, characterized by re- 

stricting the number of the training sequences to be used to two. 

4. A method as claimed in claim 3, characterized by 
sending user data in the burst comprising said known training se- 
quence and 

20 sending signalling data and/or user data in the burst comprising 

said second training sequence. 

5. A method as claimed in any one of the preceding claims, 
_„c_h a r„a c t e r iz e d_ byjjsing the stealing symbols Jn the b^^^ 

said second training sequence for specifying the signalling message to be 
25 transmitted. 

6. A method as claimed ih any one of the preceding claims, 
characterized by using the burst corriprising said second training se- 
quence for transmitting FACCH signalling according to the GSM system. 

7. A method as claimed in any one of the preceding claims, 
30 characterized by using the burst comprising said second training se- 
quence for transmitting SACCH signalling according to the GSM system. 

8. A method as claimed in any one of claims 1 to 5, charac- 
ter i z e d by using the method in a packet-switched wireless telecommuni- 
cation system. 

35 9. A method as claimed in any one of the preceding claims, 

characterized by using the method for adjusting the transmission 
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power of the mobile station and the base station. 

10. A wireless digital telecommunication system for signalling be- 
tween a base station and a terminal, where the signals to be transmitted over 
a radio connection between the base station ahd the tenriinai conriprise bursts 

5 generated from symbols, the bursts comprising a known training sequence, 
the system comprising at least one transmitter and at least one receiver, 
whereof the transmitter comprises means for generating said training se- 
quence and the receiver comprises means for identifying said training se- 
quence, characterized in that 

10 the transmitter comprises means for generating a second training 

sequence of the same length as the known training sequence and means for 
generating a burst comprising said second training sequence and for coding a 
signalling message into said burst and in that 

the receiver comprises means for receiving the burst comprising 

15 said second training sequence, means for identifying said second training se- 
quence and means for decoding the coded signalling message in said burst. 

1 1 . A telecommunication system as claimed in claim 10. char- 
acterized in that the receiver is arranged to indicate the existence of said 
signalling message, in response to the received burst comprising said second 

20 training sequence. 

1 2— A telecommunication- system as -claimed-in claim 11 , c h a r - 

acterized in that the number of the training sequences to be used in the 
system is restricted to two. 

13. A telecommunication system as claimed in claim 12, char- 

25 acterized in that 

said burst comprising the known training sequence is arranged to 

transmit user data and 

said burst comprising the second training sequence is arranged to 
transmit signalling data and/or user data. 

3Q . ^4 telecommunication system as claimed in any one of claims 10 

to 13, characterized in that at least one stealing symbol in the burst 
comprising said second training sequence is arranged to specify the contents 
in the signalling message to be transmitted. 
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